Introduction

40
Because temperature determines the rate of most biological processes, ectotherms are usually 41 assumed to select body temperatures that optimise performance. If fitness is positively related 42 to performance, organisms that prefer optimum temperatures should have an advantage over 43 those that do not (Huey and Bennett, 1987; Angilletta et al., 2002a; Huey et al., 2003) . In 44 consequence, natural selection should result in similarity between the optimum and preferred 45 temperatures because this should maximise Darwinian fitness (Martin and Huey, 2008; 46 Anderson et al., 2011), resulting in thermal coadaptation.
47
Thermal coadaptation has been reported in many ectotherm taxa, including reptiles 48 (Van Berkum, 1986; Huey and Bennett, 1987; Garland et al., 1991; Kubisch et al., 2011), 49 insects (Sanford and Tschinkel, 1993; Forsman, 1999; Calabria et al., 2012) , nematodes 50 (Anderson et al., 2011) , and fish (Khan and Herbert, 2012) . Nonetheless, mismatches between 51 thermoregulatory behaviour and thermal physiology are common. For example, in lizards, 52 optimal locomotor performance is achieved at a higher temperature than preferred body 53 temperatures (reviewed in Martin and Huey, 2008; Fernandez et al., 2011) . Similar findings 54 for population growth have been reported for insects (Smith, 1965; Langer and Young, 1976;  55 Allsopp et al., 1980; Allsopp, 1981; White, 1987; Jian et al., 2002) and other ectotherms 56 (Åkesson, 1976; Zhang and Lefcort, 1991; Prevedelli and Simonini, 2001; Jia et al., 2002; 57 Harrison, 2002) . Moreover, these effects may take different forms depending on whether 90 environmental temperatures are relatively constant or variable (Williams et al., 2012; Colinet 91 et al., 2015; Kingsolver et al., 2015) .
92
Although all of these hypotheses enjoy some empirical support, they have rarely been 93 examined simultaneously. The strong inference approach (Platt, 1964) adopts joint exploration 94 of alternative explanations for variations in thermal performance (Huey et al., 1999) . Here, we 95 apply this approach to caterpillars of the flightless sub-Antarctic moth, Pringleophaga marioni, 96 for which the thermal biology is well-known (Klok and Chown, 1997; Sinclair and Chown, 97 2003; Sinclair et al., 2004; Sinclair and Chown, 2005, 2006; Haupt et al., 2014a Haupt et al., ,b, 2016 98 Chown et al., 2016) . Specifically, we examine the relationship between thermal preference 99 (T pref ) and the thermal optimum (T opt ) for locomotion. First, we compare T opt and T pref. If these 100 traits are similar, the coadaptation hypothesis cannot be rejected. If they are different, and the 101 magnitude of this difference is relatively small and the performance curve asymmetric, the 102 'suboptimal is optimal' hypothesis cannot be rejected. Alternatively, we determine whether 103 variation in performance curves following exposure to different acclimation regimes accords 104 with the expectations of a thermodynamic effect (i.e. is hotter better?), thus testing the 105 'thermodynamic effect' hypothesis. Finally, we determine whether or not thermal preference 106 aligns with performance measures other than locomotion, and specifically those that may be 107 significant for a relatively long-lived (ca 1 year) detritivorous caterpillar (Haupt et al., 2014a) .
108
If so, and all other hypotheses are rejected, the 'trait variation' hypothesis cannot be rejected.
of variable temperature regimes were also examined by acclimating caterpillars to a fluctuating 140 temperature of 5-15°C (see also Chown et al., 2016 who priori, and designed our experiments to avoid it, but we also analysed the data adopting both a showed no defined preference on this gradient (Table S1) , this experiment was then repeated 165 on a gradient of c. 0-30°C using a different group of individuals. Experiments were conducted 166 on a 75-cm temperature gradient (see Fig. S1 ) with temperatures controlled at each end using 
Locomotor performance trials
183
The locomotion speed of individual caterpillars (n = 28 per acclimation temperature) was 184 measured using a temperature-controlled walking stage with a hardboard interior surface (see 197 rather than its inability to move faster (Huey and Bennett, 1987; Angilletta et al., 2002b) .
198
Between different temperatures, individual caterpillars were returned to the petri dish they were chosen from the experimental data (i.e. the test temperature with the greatest speed) (Gilchrist, 205 1996) , and these values were used to calculate T br for each individual using Gilchrist's (1996) 206 formula:
where T opt is the temperature at which an individual moved the fastest, U max is the maximum 210 speed at T opt , and U i is the speed at T i , i.e. speed at a given test temperature. plots of the residuals indicated normality and homogeneity of variances (Table S2 ; Fig S3) .
255
Finally, to examine the effects of the fluctuating acclimation temperature on 256 performance, an ANOVA was used to compare performance traits between 5-15°C and 10°C
257
(i.e. the closest comparable constant temperature). Similarly, field-fresh individuals were 258 compared with those that were subjected to acclimation. The effect of acclimation on thermal 259 preference was also examined, and this was done using a Kruskal-Wallis test of significance
260
(because of non-normal data (Fig. S4) ). Analyses were implemented in R3.0.0 (R core team, 
